We reconsider the taxonomy of a group of closely related Ostrinia spp., illustrating how useful Mayr's biological species concept remains for studying speciation patterns and processes. We review and re-analyse recent data on Ostrinia scapulalis , Ostrinia nubilalis , Ostrinia narynensis and Ostrinia orientalis , along with those obtained over > 45 years in the former Soviet Union. The ten species of the 'trilobed uncus' group in the Ostrinia genus are classified into subgroups according to male mid-tibia morphology. However, none of the characters that further discriminate between them (female sex pheromones, male genitalia and calling time) varies together with male mid-tibia morphology, and neither do molecular markers. Moreover, male mid-tibia morphology appears to depend on only two diallelic loci and seems to be unrelated to reproductive isolation between Ostrinia taxa. By contrast, reproductive isolation is strongly related to host-plant type. In accordance with Mayr's species concept, we thus propose a revision of the trilobed uncus Ostrinia spp. based primarily on host-plant type. We propose that O. narynensis Mutuura & Munroe, 1970 ( syn. nov. ) and O. orientalis Mutuura & Munroe, 1970 ( syn. nov. ) be synonymized with O. scapulalis (Walker, 1859). We further demonstrate that O. nubilalis auctt. pro parte feeding on mugwort, hop, and several other dicotyledons (previously called the ' O. nubilalis mugwort-race' in France) also belongs to O. scapulalis . Consequently, we propose that only O. nubilalis specimens feeding on maize (the former French ' O. nubilalis maizerace') belong to O. nubilalis (Hübner, 1796). The implications of this revision are discussed. © 2007 The Linnean Society of London, Biological Journal of the Linnean Society , 2007, 91 , 49-72. ADDITIONAL KEYWORDS: biological species concept -host-races -Ostrinia furnacalis -Ostrinia narynensis -Ostrinia nubilalis -Ostrinia orientalis -Ostrinia scapulalis -speciation -taxonomy.
INTRODUCTION
The biological species concept (BSC; Mayr, 1942) defines species as 'groups of actually or potentially interbreeding populations, which are reproductively isolated from other such groups'. It thereby views reproductive isolation as the key criterion defining boundaries between species.
Several criticisms have been raised against the BSC: it applies only to taxa with sexual reproduction; it cannot be applied to fossils; crossing experiments between geographically distant populations may be impossible or yield results that do not apply in nature; intraspecific sterility can be caused by endosymbionts such as Wolbachia sp., etc. (Sokal & Crovello, 1970; Mallet, 1995) . For all these reasons, it has been argued that differentiation patterns, rather than processes, should be central to define species (Mallet, 2001) . Moreover, in practice, most species are de facto described by pattern (i.e. with phenetic methods relying on morphological or molecular characters), under the implicit assumption that differences result from and constitute evidence for common ancestry, current ability to cross, and common evolu-tionary fate. The chances that this assumption is valid are good, provided these characters are either numerous enough, or few but known to covary systematically with the ability of individuals to interbreed. However, because of practical limitations, most species are defined by one or a small number of characters not formerly checked for systematic covariation with interfertility. The present study provides an example of how such method can be misleading, and how coming back to 'first principles' of the BSC can be enlightening.
THE GENUS OSTRINIA
The latest taxonomic revision of the genus Ostrinia (Lepidoptera: Crambidae) (Mutuura & Monroe, 1970) recognizes 20 species classified into three groups according to the number (1, 2 or 3) of lobes of the 'uncus', which is a derivative of the tenth abdominal tergite belonging to the male genitalia that is frequently used in Lepidoptera taxonomy. The trilobed uncus group includes ten species. These species are 'confusingly similar in external appearance', except for their male mid-tibia morphology ( Fig. 1 ) which can be 'small' (i.e. simple), 'medium' (i.e. with a groove and a few large scales), or 'massive' (i.e. enlarged, strongly grooved, with complicated scale patterns and one or several hair tufts). Such structures participate in pheromone emission in certain Lepidoptera (Birch, Poppy & Baker, 1990) , and their presence or absence was found to be consistent with the molecular phylogeny of the Ctenuchinae genus (Schneider et al ., 1999) . Accordingly, Mutuura & Munroe (1970) further divided the ten species of the trilobed uncus group into three subgroups:
1. Subgroup I: species with 'small' mid-tibiae [ Ostrinia orientalis Mutuura & Munroe, 1970; Ostrinia dorsivittata (Moore, 1888) ; Ostrinia furnacalis (Guenée, 1854) ; and Ostrinia nubilalis (Hübner, 1796)]; 2. Subgroup II: species with 'medium' male mid-tibiae ( Ostrinia kurentzovi Mutuura & Munroe, 1970 and Ostrinia narynensis Mutuura & Munroe, 1970) ; 3. Subgroup III: species with 'massive' male mid-tibiae [ Ostrinia scapulalis (Walker, 1859) ; Ostrinia putzufangensis Mutuura & Munroe, 1970; Ostrinia zaguliaevi Mutuura & Munroe, 1970; and Ostrinia zealis (Guenée, 1854) ].
Subsequent to the revision by Mutuura & Monroe (1970) , additional evidence confirmed the validity of the three groups based on uncus morphology. Indeed, Guthrie, Barry & Huggans (1981) found that Ostrinia penitalis (Grote, 1976 ) (one-lobed), Ostrinia obumbratalis (Lederer, 1863) (two-lobed) and O. nubilalis (three-lobed) were not interfertile in laboratory conditions, despite an equal number of chromosomes (Guthrie, Dollinger & Stetson, 1965) . Also, in the phylogeny of Kim et al . (1999) , based on the mitochondrial cytochrome oxidase subunit II (CO II) gene, the node separating the two-and three-lobed uncus groups is sustained by a bootstrap value of 100% (no one-lobed Ostrinia was included in their study). 
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By contrast, further divisions within the trilobed uncus group remained problematic (Ishikawa et al ., 1999b) . This group is distributed almost worldwide: Asia, Oceania, Europe, Northern Africa, and Northern America (Hudon, Leroux & Harcourt, 1989) . It includes two agricultural pests feeding on maize: the Asian corn borer, O. furnacalis , in Eastern Asia and Oceania, and the European corn borer, O. nubilalis , in Europe, Central Asia, and Northern America. The variations of phenotypic and molecular characters within the trilobed uncus Ostrinia , are welldocumented in several regions. Ishikawa et al . (1999b) reviewed the abundant data on Ostrinia spp. in Japan, in an attempt to clarify their taxonomic boundaries and probable evolutionary history. However, none of the characters examined appeared to covary systematically with male mid-tibia morphology, making it difficult for any evolutionary scenario to emerge about how, where or when the three subgroups defined by Mutuura & Munroe (1970) diverged.
Here, we review and re-analyse data obtained subsequent to 1999 and/or elsewhere in the world, with special emphasis on studies conducted over > 45 years in the former Soviet Union and published almost exclusively in Russian. First, we update and complete the review by Ishikawa et al . (1999b) , showing that additional data on the distribution of phenotypic and molecular polymorphism essentially confirm his conclusion: no clear structure related to male-midtibia-morphology-based subgroups emerges. Second, we present data showing that: (i) despite its apparent complexity, male mid-tibia morphology is essentially governed by two diallelic loci; (ii) male mid-tibia morphology frequencies within Ostrinia populations vary smoothly over large geographical distances but are strongly structured locally according to host-plant type (maize vs. nonmaize); (iii) the ability to cross among different Ostrinia taxa appears unrelated to male mid-tibia morphology, but strongly related to host-plant type; and (iv) populations feeding on different host-plant types display consistent ecological differences. Among available phenotypic or molecular markers, host-plant type is thus the most closely related to reproductive isolation. Third, we propose a corresponding revision of the trilobed Ostrinia spp. classification by Mutuura & Munroe (1970) where, following the BSC, host-plant type becomes the primary character delineating taxa. Some implications for future research are discussed.
STATE OF THE ART F EMALE SEX PHEROMONES
Female sex pheromones have been identified for six trilobed uncus species (Table 1; Ishikawa et al ., 1999b; Fu et al ., 2004) , and indirectly determined from pheromone traps for one species (Frolov, 1984) . Sex pheromones are implied in mating processes, and often differ even among closely related Lepidoptera species (Löfstedt & Van der Pers, 1985; Löfstedt & Herrebout, 1986) . Therefore, one might expect them to be good phenotypic markers to distinguish species.
Trilobed Ostrinia spp. female sex pheromones are blends of several components, including the tetradecyl-acetate (14:OAc) and the Z and E isomers of both the 11-tetradecenyl-acetate (Z/E-11-14:OAc) and the 12-tetradecenyl-acetate (Z/E-12-14:OAc). Their relative proportions differ between certain species. In addition, the relative proportions of the components that females emit and males respond to display intraspecific polymorphism in three species 
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Ostrinia scapulalis X X Ostrinia zaguliaevi X X Ostrinia zealis X X Ostrinia putzufangensis ( O. nubilalis : Klun, 1975; Kochansky et al ., 1975; O. scapulalis : Huang et al ., 1997; Huang et al., 2002; Takanashi et al., 2005; O. furnacalis: Huang et al., 1998) . The genetic bases and heritability of this polymorphism are known for two species (O. nubilalis: Roelofs et al., 1987; O. scapulalis: Takanashi et al., 2005) , and O. nubilalis using different female sex pheromone blends were found genetically differentiated at neutral loci in the USA (Harrison & Vawter, 1977) and in France (Thomas et al., 2003; Bontemps et al., 2004) . Taken together, this suggests that female sex pheromones may distinguish not only species, but even infra-specific taxa.
However, certain species (Table 1) with different male mid-tibiae share the same sex pheromone (e.g. O. nubilalis, O. scapulalis, O. narynensis and O. orientalis) . More generally, neither the Z-nor the E-11-14:OAc is restricted to the Ostrinia genus (http://www.pherobase.com). On the other hand, certain trilobed Ostrinia spp. use different sex pheromones, although they do not exhibit significant differences in the size of their mid-tibiae (e.g.
O. furnacalis and O. nubilalis).
This suggests that the influence of female sex pheromone composition on mate choice may be less crucial than one might expect. Female sex pheromones appear neither to be necessary nor sufficient to ensure reproductive isolation between the trilobed Ostrinia taxa.
HOST PLANTS
Host-plant types have been established for seven trilobed Ostrinia species (Table 1; Ishikawa et al., 1999b) . Two species, O. furnacalis and O. nubilalis, both with small mid-tibiae, are maize pests. Ostrinia nubilalis has also been recorded on more than 220 other plant species (Ponsard et al., 2004) , some strongly infested [e.g. Ambrosia artemisiifolia L., Bidens tripartita L., Cannabis sativa L., Humulus lupulus L., Iva xanthifolia (Nutt.), Artemisia vulgaris L., Panicum milliaceum L., Polygonum sp., Arctium tomentosum Mill., Xanthium strummarium L.], and many weakly infested (Leniaud et al., 2006) . Conversely, O. furnacalis is rarely found on another plant than maize (Hattori & Mutuura, 1987) . The five remaining trilobed Ostrinia species are more or less specialized or polyphagous, but share the character of not being recorded on maize. They include small, medium and massive male-mid-tibia types, with no apparent correspondence with host-plant use (Hattori & Mutuura, 1987; Ishikawa et al., 1999b) . At first glance, and similar to sex pheromones, host plants would thus appear not to be a helpful character to delineate trilobed uncus Ostrinia species groups because the interspecific polymorphism does not seem structured by male mid-tibia morphology.
MALE GENITALIA
Mutuura & Munroe (1970) described male genitalia as being part of the species-specific characters distinguishing certain trilobed Ostrinia species. Although some authors based their determinations on this character, especially between O. nubilalis and O. furnacalis (Park, 1975; Xu et al., 1998; Zhang & Fan, 1999) , and although male genitalia morphology clearly shows some polymorphism within these species (Hattori & Mutuura, 1987: fig. 1 CALLING TIME Searching for additional phenotypic differences between Japanese Ostrinia spp., Ishikawa et al. (1999b) studied the time of the photoperiod when females 'call' (emit sex pheromones). However, this character again exhibited a high intraspecific polymorphism: O. scapulalis populations collected as larvae from different locations call at different times (Ishikawa et al., 1999b) , and intraspecific polymorphism was detected in O. nubilalis (Liebherr & Roelofs, 1975; Webster & Cardé, 1982) and O. orientalis (Fu et al., 2004) . Again, also, interspecific differences did not covary with male mid-tibia type; for example, the small-mid-tibia O. furnacalis calls at the same time as the massive-mid-tibia O. zealis and O. zaguliaevi but at a different time than the smallmid-tibia O. orientalis (Ishikawa et al., 1999b) .
MOLECULAR DATA
While confirming the separation between the two-and three-lobed uncus groups, the phylogeny of Kim et al. (1999) is incongruent with further subdivisions among the trilobed species based on male mid-tibia morphology. Moreover, studies using allozymes, random allocation of polymorphic DNA (RAPD), or mt-DNA revealed little differentiation between male-mid-tibiabased groups. Indeed, allozyme-based estimates of genetic distance between O. furnacalis and O. nubilalis populations in China are low (Wang et al., 1995) . RAPD patterns of certain O. furnacalis individuals are closer to those of O. nubilalis individuals than to those of certain other O. furnacalis (Xu et al., 1998) . The sequence divergence between the mitochondrial CO II gene of the six trilobed uncus species studied by Kim et al. (1999) was 0.15-2.38%, a magnitude found at infra-specific level in several insects, including Lepidoptera (Kim et al., 1999) . Coates et al. (2005) produced a similar estimate (1.3%) on near-complete (> 14 500 bp) mitochondrial genome sequences of O. nubilalis and O. furnacalis. All this indicates that the genetic differentiation between species within the small-mid-tibia subgroup is extremely low. On the other hand, in the tree produced by Kim et al. (1999) , the small-mid-tibia O. furnacalis is separated, with a 100% bootstrap confidence level, from a cluster containing the small-mid-tibia O. orientalis and O. nubilalis, but also the massive-mid-tibia O. scapulalis. Kim et al. (1999) themselves warn against over-interpreting such weak differentiation but, if anything, the pattern suggests that even the little genetic differentiation there is is not structured by mid-tibia type.
In summary, none of the morphological or other phenotypic characters examined so far (female sex pheromones, host plants, male genitalia or calling time) covaries systematically with male mid-tibia morphology among the trilobed Ostrinia species, and molecular techniques reveal no clear boundaries between them. This suggests that either all species of the trilobed group diverged very recently, with each retaining most of the ancestral polymorphism, or the character used to define a priori subgroups among them (i.e. male mid-tibia morphology) is irrelevant. et al., 1998) . A total of 3134 moths collected as larvae on maize in 20 localities and a total of 1857 moths collected as larvae on nonmaize host plants in 76 localities were examined for the morphology of their own mid-tibiae (males) or that of their male offspring when mated with a fully recessive male (females). Allele frequency distributions at the Massive and invaginated loci are summarized in Figures 2, 3 , respectively, and the detailed frequencies are given, with collection places, years and plants, in Appendix 1. These frequencies were calculated according to phenotypic frequencies under the assumption that determinism is as described in Table 2 . A striking feature of Figures 2, 3 is that males collected as larvae from maize always had small midtibiae, from Bordeaux, France, to Vladivostok, Russia (> 9000 km) and from 1975 to 2004 (nearly 30 years). By contrast, other host plants (detailed in Appendix 1) proved to harbour polymorphic populations, with relative proportions of small, medium, and massive midtibiae varying largely over space. Even in places where males collected on nonmaize plants showed a high frequency of the i or Mt alleles (e.g. near Smela, Ukraine), maize-feeding males had exclusively small mid-tibiae. This suggests that Ostrinia populations on maize always and everywhere have undetectably low frequencies of the Mt allele (otherwise a fraction of the males would be Mt/Mt+ and exhibit massive midtibiae) and of the i allele (otherwise some recessive i/i homozygous males with medium mid-tibiae would occasionally emerge from larvae collected on maize). By contrast, Ostrinia populations on nonmaize host plants show variable frequencies of Mt and i.
Two, non-exclusive, explanations are compatible with such pattern: moths emerging from maize and nonmaize host plants randomly mate but males bearing i and Mt alleles are strongly counter-selected during their larval development on maize, or Ostrinia populations feeding on maize are reproductively dis- Table 3 . Mid-tibia types of male offspring obtained from crosses using Ostrinia strains with massive (identified as Ostrinia scapulalis) or small (identified as Ostrinia nubilalis) male mid-tibiae (Frolov, 1981 (Frolov, , 1984 connected from those feeding on nonmaize host plants.
REPRODUCTIVE ISOLATION AND ECOLOGICAL DIFFERENCES BETWEEN
OSTRINIA SPP.
REPRODUCTIVE ISOLATION Figure 4 summarizes hybridization tests performed in experimental settings between moths emerged from larvae collected on different host-plant types (maize vs. nonmaize plants). The average mating success was not significantly related to the distance between collection places, be it among populations collected on maize (r = -0.039; P = 0.876; N = 19), on nonmaize plants (r = -0.182; P = 0.352; N = 14), or in tests involving one partner from maize and one from a nonmaize plant (r = 0.156; P = 0.594; N = 28), despite the data spreading over a gradient of approximately 4000 km. Therefore, an average mating success was calculated across all population pairs, regardless of distance between them: the host-plant type appeared to significantly influence the ability to mate (Fig. 4) . Indeed, the average mating rates between populations collected either both on maize or both on nonmaize plants were high and not significantly different from each other (64.5% and 73.3%, respectively; two-sided Student's t-test: P = 0.154), but both were significantly 
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higher than average mating rates between populations collected one on maize, the other on nonmaize plants (24.2%; two-sided Student's t-test: P < 0.0001 for both comparisons). Whether the populations collected on nonmaize plants were identified as O. nubilalis, O. scapulalis or O. narynensis on the basis of their mid-tibia morphology played no role. Therefore, reproductive isolation between Ostrinia collected as larvae on maize and on nonmaize host plants probably strongly contributes to maintaining the local differences of Mt and i frequencies on both host-plant types (although an additional contribution of repeated selection cannot be ruled out). Although groups defined according to male mid-tibia morphology showed no convincing signs of being taxonomically relevant entities, groups defined according to hostplant type do so in the framework of the BSC. Interestingly, although all French Ostrinia display small male mid-tibiae, allozyme studies revealed that populations feeding on maize are genetically differentiated from those feeding on two dicotyledons: mugwort, A. vulgaris, and hop, H. lupulus (Bourguet et al., 2000; Martel et al., 2003; Thomas et al., 2003; Bontemps et al., 2004) . Moreover, recent mating experiments in laboratory conditions showed that moths emerging from maize or mugwort mate freely (success rate > 50%) when paired with a partner of the same host-plant type, but poorly (success rate of approximately 10-15%) when paired with a partner from the other host type (Thomas, 2004 ). In natura, the level of 
assortative mating is even stronger: the percentage of hybrid crosses was < 5%, even in the absence of spatial and temporal isolation (Malausa et al., 2005) .
Because they were morphologically undistinguishable and at least partially interfertile, both groups were initially referred to as host-races, namely the maize-and the mugwort-race (Bourguet et al., 2000; Martel et al., 2003; Thomas et al., 2003; Bontemps et al., 2004; Pélozuelo et al., 2004; Bethenod et al., 2005) . However, Figures 2, 3 show that the frequencies of Mt and i in populations feeding on nonmaize host plants progressively decrease westwards from Central Russia and drop to zero around the Western border of Ukraine. Ostrinia specimens collected as larvae on nonmaize host plants were also classified as O. nubilalis in Hungary (Nagy, 1976) and Serbia (Manojlovic, 1984) , meaning that they probably had small male mid-tibiae (i.e. undetectably low frequencies of Mt and i alleles). This suggests that Ostrinia populations feeding on mugwort and hop in France are fixed for small mid-tibia morphology but belong in fact to the same taxon as the polymorphic populations feeding on nonmaize plants in the former Soviet Union. Similarly, the small-mid-tibia populations feeding on maize in France probably belong to the same taxon as those feeding on maize in the former Soviet Union, which, unlike the nonmaize-plants-feeding taxon, is fixed for small-tibia morphology in all documented locations of its range.
ECOLOGICAL DIFFERENCES
The clustering based on host-plant type described above is further confirmed by the striking similarity of the respective ecological characteristics of the maizeand nonmaize-plants-feeding populations documented in the former Soviet Union, and more recently in France. First, females emerging from larvae collected on maize in France show a preference for oviposition on maize rather than on mugwort, whereas females emerging from larvae collected on mugwort show the opposite preference (Bethenod et al., 2005) . The same oviposition preference for host plant of origin was documented in populations collected on maize and hemp in the former Soviet Union (Karpova, 1959; Vilkova & Frolov, 1978; Frolov, 1991a) . Second, populations collected on maize emerge later than sympatric ones collected on mugwort in France (Thomas et al., 2003) or on hemp in the former Soviet Union (Khromenko, 1982; Frolov, 1984) . Third, larvae feeding on the two host-plant types harbour different parasite loads both in France (Thomas et al., 2003) and in the former Soviet Union (Frolov et al., 1982) . Fourth, offspring of populations collected on maize in France and in the former Soviet Union survived better on maize than on mugwort (Thomas, 2004) and hemp (Frolov & Khromenko, 1980; Frolov, 1984 Frolov, , 1989a Frolov, , 1991b , respectively. Conversely, offspring of populations collected on mugwort (in France) and hemp (in the former Soviet Union) survived better on their parents' host plant than on maize (Frolov & Khromenko, 1980; Frolov, 1984 Frolov, , 1989a Frolov, , 1991b Thomas, 2004) .
Interestingly, these ecological differences are also correlated with differences in female sex pheromones. Indeed, both in Russia and in France, populations feeding on mugwort, hop or hemp communicate with the 'E' blend of Z/E-11-14:OAc whereas populations The data on which this figure is based were taken from Frolov (1984 Frolov ( , 1989b Frolov ( , 1990 Frolov ( , 1994 Frolov, Davidyan & Khromenko (1987) and Thomas (2004) . A total of 1386 mating pairs were tested (population pairs = 19, 14 and 28 for maize × maize, nonmaize × nonmaize and for maize × nonmaize crosses, respectively). Different letters above the bars indicate significant differences in mean mating success.
feeding on maize communicate preferentially if not exclusively with the 'Z' blend (Thomas et al., 2003; Bontemps et al., 2004; Pélozuelo et al., 2004) . All these elements strongly support our new hypothesis that, despite its small-mid-tibia morphology, the French mugwort-race is more closely related to the formerSoviet-Union nonmaize-feeding populations identified as O. narynensis or O. scapulalis on the basis of their medium or massive male mid-tibia morphologies than to the French small-mid-tibia maize-race. (Hüb-ner, 1796) . Probably due to the strong female preference for oviposition on maize and to the abundance of this crop, these populations are found almost exclusively on maize (Table 5) . Females produce and males recognize various blends of E/Z-11-14:OAc, but unlike (Hattori & Mutuura, 1987) and by the presence of secondary female sex pheromone components (Ishikawa et al., 1999a) . Whether these secondary components resort to intraspecific polymorphism or to host-plant feeding, or constitute a true marker of species differentiation remains to be established. Tabata & Ishikawa (2005) (Mutuura & Munroe, 1970) and by the main component of its sex pheromone (Huang et al., 1998) , although a small proportion of O. nubilalis males seem to be attracted by O. furnacalis pheromones (Roelofs et al., 2002) . Moreover, both species belong to a different phylogenetic cluster (Kim et al., 1999) . In one experiment, Frolov (1984) found that O. furnacalis individuals were able to mate with both O. nubilalis and O. scapulalis although, in both cases, the mating success was low (28% and 9%, respectively). Finally, although O. furnacalis feeds preferentially on maize and a strikingly similar list of secondary host plants (Hattori & Mutuura, 1987; Leniaud et al., 2006) and does not display any male mid-tibia polymorphism, two characters by which it resembles O. nubilalis (sensu nov.), both taxa seem strictly allopatric (Fig. 5) . For all these reasons, O. furnacalis and O. nubilalis (sensu nov.) are probably different species, although more extensive mating experiments would be a useful verification. Figure 5 shows the approximate distributions of the three main species: O. furnacalis, O. nubilalis (sensu nov.), and O. scapulalis (sensu nov.). Ostrinia scapulalis (sensu nov.) occurs only in the Palearctic region, in two apparently disconnected areas: one in the West Palearctic (from Western Europe to Russia) and one in the East Palearctic (from Eastern China to Japan) (Fig. 5) . Ostrinia nubilalis (sensu nov.) also occurs in the Palearctic region in Northern Africa, Western Europe and Western and Central Asia (Fig. 5) . This species extended its range into the Nearctic region (Northern America) following its introduction at the end of the 19th Century. Finally, populations of O. furnacalis occur in the East Palearctic, the Oriental and part of the Australian regions (Fig. 5) (Fig. 3) . At least the first pair of taxa, and possibly the second, constitute an interesting example of how genetic differentiation can be main- 
GEOGRAPHICAL DISTRIBUTIONS OF THE REVISED TAXA
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O. furnacalis tained in sympatry despite some ongoing gene flow (Bourguet et al., 2000; Malausa et al., 2005) , a necessary condition for sympatric speciation. In both cases, adaptation to host plant could be involved in differentiation. However, as for most biological models studied in the framework of sympatric speciation (Via, 2001) , divergence may have started in sympatry or in allo/ parapatry. In the present case, the area of origin of O. nubilalis (sensu nov.) is thought to be in Western Eurasia, a region where maize was introduced approximately 500 years ago (Rebourg et al., 2003) . Maize was introduced into the current range of O. furnacalis (South-East Asia) less than 50 years later and is thought to have spread very rapidly, especially in Northern China (Gay, 1999) . Ostrinia nubilalis (sensu nov.) and O. furnacalis, may either have diverged, together or separately, from O. scapulalis (sensu nov.) very recently by switching from nonmaize host plant(s) to maize after its introduction from America, or they may have diverged independently of, and possibly earlier than, the introduction of maize into their range. Whichever scenario proves to be correct, the fact that these species possibly diverged and, in any case, coexist in two almost replicate historical contexts and current environments makes them of unique interest to study speciation.
If allele frequencies are stable in time, their geographical distribution within O. scapulalis (sensu nov.) can help to build hypotheses about where divergence occurred. For example, if further molecular evidence were to show that O. scapulalis (sensu nov.) is the ancestral species of O. nubilalis (sensu nov.), their divergence in Western Eurasia would be likely to have occurred in a location where Mt and i alleles were rare. In addition, because both taxa possess both the 'E' and 'Z' sex pheromone blends (at least over part of their range), they probably diverged in a place where both blends were originally present.
Finally, O. scapulalis (sensu nov.) and O. nubilalis (sensu nov.) are well-suited to study reproductive isolation both as a cause and as a consequence of genetic divergence during speciation. Indeed, certain loci may be unrelated to boundaries between closely-related species because divergence occurred very recently and/or because ongoing gene flow is little counterbalanced by selection. Other loci may become genealogically distinct faster because they are directly or indirectly involved in selection against hybrids, disruptive selection for habitat specialization or assortative mating (Harrison, 1998) . Molecular clustering patterns at certain loci may thus be less related than others to current level of gene flow between closely related taxa. This seems to be the case here; although O. scapulalis (sensu nov.) and O. nubilalis (sensu nov.) belong to the same mt-DNA cluster (Kim et al., 1999) and show little genetic differentiation (Bourguet et al., 2000; Martel et al., 2003; Thomas et al., 2003; Bontemps et al., 2004) , their reproductive isolation is high (Malausa et al., 2005) . Comparing the genealogies of individuals genes (Harrison, 1998) and determining whether or not they are involved in reproductive isolation and/or host-plant adaptation can thus help to disentangle the genetic and evolutionary processes of speciation. For example, in France, Ostrinia populations collected on maize and on mugwort use the 'Z' and the 'E' sex pheromone blends, respectively (Thomas et al., 2003; Pélozuelo et al., 2004) , suggesting that female sex pheromones play a substantial role in reproductive isolation between both taxa. The recognition that, on a global scale, both O. scapulalis (sensu nov.) and O. nubilalis (sensu nov.) are polymorphic for pheromones is a strong argument against this idea. Furthermore, our review of the geographical variation of the male mid-tibia morphology suggests that there is no introgression at the Massive and invaginated loci, at least from O. scapulalis (sensu nov.) towards O. nubilalis (sensu nov.) populations. Hence, the gene flow around the Massive and invaginated loci, may be even lower than that inferred from Malausa et al. (2005) .
In conclusion, the BSC proved highly relevant to clarify the taxonomy of the Ostrinia genus. Nevertheless, the speciation process between O. scapulalis (sensu nov.) and O. nubilalis (sensu nov.) might not be that favoured by Mayr. Indeed, both species might have arisen in sympatry, their divergence being driven by natural selection. Hence, although our taxonomic reassessment illustrates how major an achievement the BSC was in evolutionary biology, the Ostrinia genus may ultimately contribute to a dismisal of both the generality of allopatric speciation and the key importance of genetic drift dear to Ernst Mayr. †Number of individuals (or alleles, when specified so) used to calculate the corresponding allele frequency. ‡Allele frequencies were calculated as: (a) no dominant (Mt or i+, respectively) allele detected, 100% males (both emerging directly from larvae collected in the field, and in the progeny of females emerged from larvae collected in the field and then mated with a fully recessive male) show the recessive phenotype for the locus under consideration; (b) frequency of the recessive (Mt+ or i) allele calculated as: (d): frequency calculated directly on known alleles; (e): allelic frequencies at the invaginated locus could not be examined because 100% males had massive mid-tibiae.
